Entomopathogenic nematodes in the families Steinernematidae and Heterorhabditidae are effective in the control of a wide range of soil-inhabiting insects occupying cryptic habitats.
DEVELOPMENT OF ENTOMOPATHOGENIC NEMATODES IN JAPAN
Entomopathogenic nematodes in the families Steinernematidae and Heterorhabditidae are excellent candidates for biological control of insect pests (2 , 6). These nematodes are effective against a wide range of soil-inhabiting insects (6 , 9) . Recent field tests for commercialization with nematode-based products have showed favorable results , for instance Steinernema carpocapsae against hunting billbug, Sphenophrus venatus vestitus (turf), lawn grass cutworm , Spodoptera depravata (do.), bluegrass webworm, Parapediasia teterrella (do .), black cutworm, Agrotis ipsilon (do.), black vine weevil, Otiorhynchus sulcatus (potted flowers), common cutworm, Spodoptera litura (strawberry), and S. glaseri and S. kushidai against white grubs (turf) . Preliminary tests have been conducted on S. carpocapsae on sweet potato weevil , Cylas formicarius (sweet potato), and on the west Indian sweet potato weevil, Euscepes postfasciatus (do .), and with S. feltiae on darkwinged fungus gnats, Lycoriella mali (mushroom) .
Biosafe(R)(S. carpocapsae-based product) was registered as a bio-control agent for some insect pests of turf by SDS Biotech K.K. in 1993. This is very effective against larvae of the hunting billbug compared with chemical insecticides, such as fenitrothion and chlorpyrifos.
Hunting billbug is an exotic insect pest from the U.S. which invaded Japan in the 1960's. It is not a serious pest insect in the U.S., but it causes severe damage on Japanese lawngrass (Zoysia grass). Hunting billbug has spread over 400 of the 2000 golf courses. Biosafe(R) is distributed by refrigerated delivery system. The products can be applied by conventional sprayer by the user.
Photograph 1 shows Biosafe(R) application at a dosage of 250,000 infective juveniles/m2 using a single nozzle sprayer (back) and water irrigation (front) . Photograph 2 shows Biosafe 1Z application by boom sprayer (1st car) and irrigation by boom sprayer (2nd car). Irrigation immediately after application is very important to obtain good results. We recommend that superintendents of golf courses to cut grass and sweep it before application, or during rain.
NICHE TARGETS OF ENTOMOPATHOGENIC NEMATODES
Larvae of the black vine weevil, Otiorhynchus sulcatus, are major root pests of nursery and greenhouse plants worldwide (1). This insect pest is a recent arrival in Japan from Europe. The damage to roots of potted flowers, for instance cyclamen and begonia, by larvae of black vine weevil was reported in Hokkaido, the northern part of Japan. The nematode, S. carpocapsae, when applied with water killed the weevil larvae very effectively (6).
Chemical insecticides can control young larvae of common cutworm, Spodoptera litura, in strawberry planted in greenhouses. However, the late instar larvae have the habit of hiding under plastic film and it is harder to control than the young larvae by insecticides. The nematode, S. carpocapsae, applied through irrigation tube under the plastic film can control them.
Sweet potato weevil, Cylas formicarius, and the West Indian sweet potato weevil, Euscepes postfasciatus, are very important pests of sweet potato. Weevil larvae and adults develop and feed within the roots and vines, and cause damage to the plants. Terpenoids produced in response to weevil feeding slightly damage the roots (10). These two insects were came to Japan from south Asian countries, and infested the Okinawa prefecture and some islands of Kagashima. An eradication program for sweet potato weevil, using radiation sterilized males, has been carried out. In order to reduce the wild population of sweet potato weevil before releasing sterilized males into fields, some chemical insecticides were applied. Entomopathogenic nematodes have been tested and are infective to the sweet potato weevil (3, 4, 8, 12). The nematode, S. carpocapsae , is environmentally sound, and was used in preliminary field tests in a sensitive area .
Field studies have shown that S. glaseri and H. bacteriophora can provide acceptable level of control of white grubs (6, 7, 11) . In Japan, white grubs, Popillia japonica , Anomala cuprea, A. 
IN JAPANESE GOVERNMENT
According to the Japanese agricultural chemicals regulation law , natural enemies including microbial pesticides, parasitic insects, predators and pheromones commercially used for the control of pests, should be registered.
Entomopathogenic nematodes having active ingredients , such as symbiotic bacteria, are also required to be registered for commercialization . Microbial pesticide testing guidelines for safety evaluation came into effect on April 1st, 1998 . "Microbial pest control agent" in principle means any of these micro-organisms including viruses , bacteria, fungi, protozoa and nematode that have an active ingredient such as symbiotic bacteria . They do not include natural enemies such as parasite wasps and predators and microbial pesticide antibiotics.
Microorganisms with gene recombination also are excluded .
Evaluation of the following are necessary for human safety in Tier 1 of the guideline: acute oral toxicity (including infectivity examination) , acute pulmonary toxicity (including infectivity examination) and acute intravenous toxicity (including infectivity examination) . Studies with the active ingredient, and acute dermal toxicity , primary eye irritation, primary dermal irritation and dermal sensitization studies with the formulated product must be conducted as well , the following non-target organisms safety evaluations in Tier 1 are required: fresh water fish , fresh water aquatic invertebrate, bird, non-target plant , natural enemy, honey bee, silk worm and soil microorganism studies. 
